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Abstract. The Cognitive Radio (CR) network provides the solution to the spectrum deficiency problem by 
enhancing the spectrum utilization. In recent years, Non-orthogonal multiple access (NOMA) has also gained 
significant interest in improving the spectrum efficiency of 5G networks. The simultaneous wireless information and 
power transfer (SWIPT) is a technique for the transfer of wireless information and power simultaneously for the 
power-limited wireless networks. In this paper, we are doing a comparative analysis between the obtainable 
throughput and standard throughput with perfect cancellation in the SIC receiver and also developed the golden 
selection search algorithm to acquire the optimal sensing time for maximizing the throughput in NOMA based CR 
network by using the SWIPT technique. In addition to the sensing time optimization has also simulated the 
throughput with the interference probability in perfect and imperfect sensing case.  
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1 Introduction 
As a spectrum sharing system, the CR can be utilized to enhance the spectrum utilization of wireless networks. Here, 
the secondary user (SU) is permitted to access the unused spectrum of the primary user (PU). But, the SU is not 
permitted to disrupt the ordinary PU’s communication. The SU can access the allocated PU’s band only when the 
PU is absent and as PU is detected SU has to leave the channel [1]-[2]. The PU’s absence or presence is observed 
with the help of spectrum sensing algorithms. The energy detection is the widely used spectrum sensing algorithm 
due to its simple implementation. It is based on the comparison of PU’s energy statistics signal with a fixed 
threshold [3]-[6]. The effectiveness of the above energy detection algorithm is based on false alarm probability) and 
the probability of detection (Pd) where the former represents faithful detection of an unused channel while later 
indicates accurate detection of PU presence. In [7], a sensing-throughput trade-off strategy was suggested to find the 
best sensing time to enhance the SU’s throughput. For the optimal sensing duration, the SU’s throughput has to be 
maximized under the constraint of PU protection. To fulfill the above requirement, a multiple channel CR was 
proposed [8], which enhances the SU’s throughput by enabling the SU to access several idle subchannels 
simultaneously. Later on, to enhance the SU’s throughput, the power optimization of multiple channels was 
proposed but this can be achieved only in the absence of PU [9]. In all the ideas, when PU was detected as absent, 
the SU still cannot utilize the spectrum. Therefore, to overcome the above drawbacks, NOMA has been proposed to 
enhance the spectrum efficiency of 5G communications. In the NOMA, many users can be combined on identical 
subchannel by involving superposition coding at the transmitter and successive interference cancellation (SIC) at the 
receiver [10]. Therefore, when PU is not absent, the SU can still access the spectrum to enhance the throughput by 
using NOMA. Also, if the non-orthogonal property of NOMA is combined with SWIPT techniques, the spectrum 
efficiency can be enhanced. The SWIPT enables the power’s transmission and data concurrently by introducing 
basic changes in the receiver design. Thus, the application of NOMA and SWIPT can help in the improvement of 
spectrum utilization [12]. In previous work [12], the author has formulated the obtainable throughput for SU and 
optimized the sensing time by using the half searching algorithm. 
In this paper, we have compared the standard throughput and obtainable throughput for SU and optimized the 
sensing time by using a golden selection search algorithm. In addition to the sensing time optimization has also 
simulated the throughput with the interference probability in perfect and imperfect sensing case. The rest of the 
paper is organized as follows: In Section 2, we present the system model of overlay CR network and the throughput 
of the NOMA based CR network. Section 3 describes the proposed optimization algorithm. Section 4 provides the 
simulation results and the conclusion is given in Section 5. 
 
 
 
 
2 System Model 
2.1 Overlay Model 
The system model of overlay CR-NOMA network is shown fig.1. In this figure, we consider the overlay CR-NOMA 
network which combined of  𝑁 SUs, a PU and a base station (BS). In this, PU and SU harvest the energy first after 
this PU and SU transmit independent information to BS. Besides, SU produce the interference with PU’ s data 
transmission when spectrum sensing is performed by SU. Fig.2 shows the frame structure of overlay CR-NOMA 
network in which the frame is split into two distinct time slots 𝜏 and T- 𝜏. Downlink sub slot 𝜏 is utilized for SWIPT 
and spectrum sensing while uplink sub slot T- 𝜏 is utilized for transmitting the SU’s data. During the downlink sub 
slot, PU and SU collect energy and PU transmits its data concurrently by using harvest-then-transmit protocol. 
 
 
Fig.1.Network design of CR-NOMA [12]. 
 
 
Fig.2. Frame design of CR network [12]. 
In [11], the author has proposed the harvest-then-transmit protocol for wireless powered communication network 
where BS transmit wireless energy to all users in downlink sub-slot while users broadcast their independent 
information to the BS in the uplink sub-slot using their independently harvested energy by Time-division-multiple-
access. So, the harvested energy during the downlink sub-slot can be written as: 
𝜀𝑖
ℎ𝑑 = 𝜏𝑃𝑏𝑠                                                                                              (1) 
Where, 𝑃𝑏𝑠 represents the BS transmit power at the transmitter. Then the transmit power for downlink sub slot can be 
expressed as: 
𝑃𝑇 =
𝜏𝑃𝑏𝑠
1 − 𝜏
                                                                                               (2) 
This network has applied the uplink NOMA to the secondary network during the sub slot T- 𝜏. In the Uplink NOMA, 
more power is allocated to the nearest user while less power is allocated to the farthest user that is depend on the 
quality of service requirementthe hence BS employs SIC at the receiver side while all users can be combined on the 
 
 
identical sub channel by applying superposition coding at the transmitter side. The user who has good channel states 
will be decrypted first and users that are decrypted after it will be behaved as noise or interference. The ℎ𝑛  represents 
user’s channel gain and assume that the users are arranged as ℎ1 > ℎ2 > ⋯ . . . ℎ𝑛 while 𝑛(𝑡) is a white gaussian noise 
which has zero mean and noise density 𝑁0(
𝑊
𝐻𝑧⁄ ). Therefore, the SNR and possible throughput for the n
th user of the 
NOMA can be written as[11]: 
𝑆𝑁𝑅𝑛 =
𝑃𝑛𝛾𝑛
1 + ∑ 𝑃𝑗𝛾𝑗
𝑁
𝑗=𝑛+1
                                                                                        (3) 
𝐾𝑛 = 𝑊 ∑ 𝑙𝑜𝑔2 (1 +
𝑃𝑛𝛾𝑛
1 + ∑ 𝑃𝑗𝛾𝑗
𝑁
𝑗=𝑛+1
)                                                            
𝑁
𝑛=1
(4) 
𝐾𝑛𝑠 = 𝑊 ∑ 𝑙𝑜𝑔2 (1 +
𝑃𝑛𝛾𝑛
𝑃𝑠𝑔𝑠 + ∑ 𝑃𝑗𝛾𝑗
𝑁
𝑗=𝑛+1
)                                                       (5)
𝑁
𝑛=1
 
Where, 𝐾𝑛and 𝐾𝑛𝑠 is the possible throughput at the absence and presence of the PU, the normalized channel condition 
of the nth user is given by 𝛾𝑛 =
ℎ𝑛
𝑁0𝑊
 , W is the transmission bandwidth of the sub band and N is the number of users. In 
the overlay mode, SUs essential to detect the PU’s licensed spectrum intermittently. PU’s radio signal is received by 
BS independently at the time of spectrum sensing and received signal at SU is tested for two hypotheses H0 and H1.  
When the PU is present, the received signal can be written as: 
    
𝐻1 ∶ 𝑦(𝑛) = 𝑠(𝑛) + 𝑢(𝑛)                                                                       (6) 
When the PU is not present, the received signal can be written as: 
𝐻0:    𝑦(𝑛) = 𝑢(𝑛)                                                                                    (7)  
Where 𝑢(𝑛) is represented as a white gaussian noise with zero mean and variance 𝜎𝑢
2.Similarly,𝑠(𝑛) is a random 
variable that is represented as PU signal with zero mean and variance 𝜎𝑠
2. In the Signal to Noise Ratio (SNR), signal 
and noise does not depend each other.𝛾 =
𝜎𝑠
2
𝜎𝑢
2
 is represented as SNR of PU under the hypothesis H1.For deciding of 
the existence of PU, the i-th CR uses the following test statistic [11] 
𝑇(𝑦) =
1
𝑀
∑ |𝑦(𝑛)|2                                                                           (8) 
𝑀
𝑖=1
 
Traditional energy detector computes the energy 𝑇(𝑦) related with received signal and corelate it with a predefined 
threshold (
𝑡ℎ
) to choose among the two hypotheses. For N number of samples, 𝐻1will be decided by Neyman-
Pearson criteria if, 
   
𝑝(𝑦 𝐻1⁄ )
𝑝(𝑦 𝐻0⁄ )
 > 𝑡ℎ                                                                                 (9) 
where, number of samples represented by 𝑀 = 𝜏𝑓𝑠.We express 𝑃𝑖(𝑥) (𝑖 = 0,1) as the PDF of 𝑇(𝑦) for a given 
threshold. For a large 𝑁, a gaussian distribution with mean 𝜇1 = (𝛾 + 1)𝜎𝑢
2 and variance σ1
2 =
1
𝑀
𝐸[(𝑠(𝑛)2  +
u(n)2 + s(n)u∗(n) − σs
2 − σu
2)2] can approximate the 𝑇(𝑦) pdf under Hypothesis 𝐻1 if 𝑠(𝑛) is complex psk 
modulated and 𝑢(𝑛) is circularly symmetric complex gaussian .The test statistics will be approximated as[11]: 
under  𝐻0,𝑇~ (𝜎𝑢
2,
2
𝑀
𝜎𝑢
4) and under 𝐻1, 𝑇~ ((1 + 𝛾)𝜎𝑢
2,
1
𝑀
(1 + 2𝛾)𝜎𝑢
4) 
for a given threshold 𝑡ℎ , The performance metrics 𝑝𝑑 and 𝑝𝑓 will be given as:  
𝑝𝑓(𝑡ℎ , 𝜏) = 𝑄 (
𝑡ℎ−𝜎𝑢
2
√
2
𝑀
𝜎𝑢
4
) ,     𝑝𝑑(𝑡ℎ , 𝜏) = 𝑄 (
𝑡ℎ−(1+𝛾)𝜎𝑢
2
√
1
𝑀
(1+2𝛾)2𝜎𝑢
4
)                                      (10) 
 
 
𝑄(𝑥)is a complementary distribution function of standard gaussian and it is given as: 
𝑄(𝑥) =
1
√2𝜋
∫ 𝑒𝑥𝑝(−
𝑡2
2
∞
𝑥
)𝑑𝑡                                                           (11) 
When we select an appropriate probability of detection (𝑝𝑑 ), 𝑝𝑓 in terms of 𝑝𝑑 can be expressed as:  
𝑝𝑓 = 𝑄(√(1 + 2𝛾)𝑄
−1(𝑝𝑑) + 𝛾√ 𝜏𝑓𝑠)                                                   (12) 
𝑝𝑑 in terms of 𝑝𝑓 can be expressed as:  
𝑝𝑑 = 𝑄 ((
1
√1 + 2𝛾
) (𝑄−1(𝑝𝑓) − 𝛾√ 𝜏𝑓𝑠))                                          (13) 
2.2 Throughput analysis 
For a given interest frequency band, let us define 𝑃(𝐻1) is the probability of the system when PU is active and while 
when the PU is not active, it is denoted by 𝑃(𝐻0). In addition,  𝑃(𝐻1) +  𝑃(𝐻0)=1 for conventional CR network. 
There are consider two possible scenarios: 
• SUs generate no false alarm when PU will not present, an obtainable throughput of Noma based CR 
network is (1-𝜏) Kn. 
• SUs does not detect the PU when it will present, an obtainable throughput of Noma based CR network is 
(1-𝜏) Kns 
The probability of these scenarios is (1-𝑝𝑓) 𝑃(𝐻0) and (1-𝑝𝑑 ) 𝑃(𝐻1) respectively [11]: 
 
𝑅0(𝜏) = (1 − 𝜏)(1 − 𝑝𝑓) 𝑃(𝐻0)𝐾𝑛  𝑎𝑛𝑑 𝑅0𝑝(𝜏) = (1 − τ)(1 − 𝑝𝑑) 𝑃(𝐻0)(1 − 𝑃𝑝)𝐾𝑛        (14) 
 
𝑃𝑝 = 1 −
𝛽
𝑇 − 𝜏
(1 − 𝑒𝑥𝑝 (
𝑇 − 𝜏
𝛽
))                                                                   (15) 
 
𝑅1(𝜏) = (1 − τ)(1 − 𝑝𝑑) 𝑃(𝐻1)𝐾𝑛𝑠                                                                (16) 
 
𝑃𝑖𝑝 =
𝛼
𝑇 − 𝜏
(1 − 𝑒𝑥𝑝 (
𝑇 − 𝜏
𝛼
))                                                                            (17) 
 
 𝑅1𝑝𝑖𝑝(𝜏) = (1 − 𝜏)(1 − 𝑝𝑑)(1 − 𝑃𝑖𝑝)𝑃(𝐻1)𝐾𝑛𝑠                                                    (18) 
 
𝑃𝑝 and 𝑃𝑖𝑝  is the interference probability in perfect and imperfect sensing case which is explained in [12]. 
Then the average throughput of Noma based CR network is written as: 
 
𝑅𝑡ℎ(𝜏) = 𝑅0(𝜏)+𝑅1(𝜏)  𝑜𝑟 𝑅𝑡ℎ𝑝(𝜏) =  𝑅0𝑝𝑝(𝜏)+𝑅1𝑝𝑖𝑝(𝜏)                                               (19) 
 
Where, 𝑅𝑡ℎ(𝜏) and 𝑅𝑡ℎ𝑝(𝜏 ) represents the standard throughput in the absence or presence of interference 
probability. We assume that 𝑃(𝐻1) is small say less than 0.3, thus it is economically suitable to examine the 
secondary usage for that frequency band. Because Kn > Kns, therefore 𝑅0(𝜏) dominates the standard throughput. 
Hence, the optimization throughput of secondary network can be approximated by: 
 
𝑚𝑎𝑥 𝑅𝑡ℎ(𝜏) = 𝑅0(𝜏)  𝑜𝑟      𝑚𝑎𝑥 𝑅𝑡ℎ(𝜏) =  𝑅0𝑝𝑝(𝜏)                                                  (20) 
 
3 Proposed Algorithm for Sensing time Optimization 
    𝑇𝑚𝑖𝑛 ← 0 and 𝑇𝑚𝑎𝑥 ← 1 
 Step-1 General purpose search technique for to find a maximum or minimum of unimodal function. 
   (a) 𝑅0(𝜏) ← (1 − 𝜏)(1 − 𝑝𝑓) 𝑃(𝐻0)𝐾𝑛 
 
 
   (b) 𝜏 ← decide the range of 𝜏 values 
Step-2 Function rewritten to work in MATLAB 
   (a) 𝑓 ← @(𝜏) 𝑅0(𝜏) 
Step-3 To decide the lower and upper value 
   (a) 𝜏𝑙𝑜𝑤 ← 𝑇𝑚𝑖𝑛  and 𝜏𝑢𝑝 ← 𝑇𝑚𝑎𝑥  
Step-4 To compute the golden ratio and difference of upper and lower bound. 
   (a) 𝑔 ← (√5 − 1)/2 and  𝑑 ← 𝑔 × (𝜏𝑢𝑝 − 𝜏𝑙𝑜𝑤 ) 
   (b)  𝜏1 ← 𝜏𝑙𝑜𝑤 + 𝑑 and  𝜏2 ← 𝜏𝑢𝑝 − 𝑑 
 Step-5 𝑓𝑜𝑟 𝑖 ← 0 𝑡𝑜 20 ← 𝑑𝑜 
   (a) Initialize  𝑓(𝜏2) 𝑎𝑛𝑑  𝑓(𝜏1) 
   (b)  𝑖𝑓 ( 𝑓(𝜏2) > 𝑓(𝜏1)) 𝑑𝑜 
   (c) 𝜏𝑢𝑝 ← 𝜏1, 𝜏1 ← 𝜏2𝑎𝑛𝑑  𝑑 ← 𝑔 × (𝜏𝑢𝑝 − 𝜏𝑙𝑜𝑤 ) 
   (d) 𝜏2 ← 𝜏𝑢𝑝 − 𝑑 𝑒𝑙𝑠𝑒  
Step-6 𝑖𝑓 ( 𝑓(𝜏1) > 𝑓(𝜏2)) 𝑑𝑜 
   (a) 𝜏𝑙𝑜𝑤 ← 𝜏2 , 𝜏2 ← 𝜏1𝑎𝑛𝑑 𝑑 ← 𝑔 × (𝜏𝑢𝑝 − 𝜏𝑙𝑜𝑤 ) 
   (b) 𝜏2 ← 𝜏𝑢𝑝 − 𝑑 𝑒𝑙𝑠𝑒  
   (c) end if, end if and end for 
Step-7 𝑂𝑢𝑡𝑝𝑢𝑡 ← 𝑡ℎ𝑒 𝑜𝑝𝑡𝑖𝑚𝑎𝑙 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 
   (a) 𝜏𝑚𝑎𝑥 ← 𝜏𝑢𝑝 , 𝑓(𝜏)𝑚𝑎𝑥 ← 𝑓(𝜏𝑢𝑝) 
 
4 Simulation Results 
In this part, we give the performance analysis of the proposed scheme to attain the maximum throughput of the 
system. The comparison table shown below to explain the all throughput comparisons earlier. The analysis is done 
in four types of throughput i.e. obtainable throughput, standard throughput , obtainable throughput with interference 
probability in perfect sensing case and standard throughput with interference probability in perfect and imperfect 
sensing case. 
 
Fig.3.Optimum sensing duration (𝜏) for maximum obtainable throughput. 
 
 
 
 
Fig.4.Optimum sensing duration (𝜏) for maximum standard throughput. 
 
Fig.5.Optimum sensing duration (𝜏) for maximum obtainable throughput with interference probability in perfect sensing case. 
 
 
 
Fig.6.Optimum sensing duration (𝜏) for maximum standard throughput with interference probability in perfect and imperfect 
sensing case. 
 
Table.1 Comparison of obtainable throughput, standard throughput, obtainable throughput with 
interference probability in perfect sensing case and standard throughput with interference probability in 
perfect and imperfect sensing case 
 
𝜏𝑚𝑖𝑛 = 0 
𝜏𝑚𝑎𝑥 = 1 
 
𝜏𝑜𝑝𝑡𝑚 
(sec) 
𝑅0(𝜏) 
(bit/hz) 
𝜏𝑜𝑝𝑡𝑚 𝑅𝑡ℎ(𝜏) 
(bit/hz) 
𝜏𝑜𝑝𝑡𝑚 
(sec) 
𝑅0𝑝(𝜏) 
    (bit/hz) 
𝜏𝑜𝑝𝑡𝑚 
(sec) 
𝑅𝑡ℎ𝑝(𝜏) 
(bit/hz) 
 0.3438 2.0040 0.725 0.2052 0.4571 1.4070 0.7286 0.2025 
 
From the throughput analysis, the obtainable throughput has large spectrum utilization by SU and optimum sensing 
time compare to standard throughput, obtainable throughput with interference probability in perfect sensing case and 
standard throughput with interference probability in perfect and imperfect sensing case. 
 
5.Conclusion 
In the sensing-throughput analysis, obtainable throughput is maximum in comparison to another throughput i.e. 
standard throughput, obtainable throughput with the interference probability in perfect sensing case and standard 
throughput with interference probability in perfect and imperfect sensing case. Standard throughput with interference 
probability in perfect and imperfect sensing case has less optimal sensing time and minimum throughput while 
obtainable throughput has more optimum sensing time and maximum throughput which maximized the spectrum 
utilization with the help of a NOMA-based CR network. 
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